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(54) Reducing harmonic losses in dynamoeiectric machine rotors. 

(57) A solid rotor (22) for a dynamoeiectric machine including field conductors (44,46) in axial slots (16,18) 
and axial ventilation passages (102) is provided with low resistivity thermally conductive axial winged 
inserts (48) which seal and overlie the slots to form a low resistivity cylinder about the rotor to minimize 
power losses and associated heating due to harmonic induced eddy currents, enhance the conductive 
cooling of the rotor, and increase efficiency. 
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This invention was made with United States Gov- 
ernment support under a contract with the United 
States Navy. The United States Government has cer- 
tain rights to this invention. 

The present invention relates to dynamoelectric 5 
machines and, more particularly to the reduction of 
harmonic losses in alternating current (AC) 
dynamoelectric machines. 

Dynamoelectric machines may be either motors 
or generators. In order to be specific, and by way of 10 
example, the present invention is described as 
applied to a round rotor AC synchronous motor. How- 
ever, the following description and the present inven- 
tion are equally applicable to a round rotor AC 
synchronous generator as well as other types of rota t- is 
Ing electric machines. 

A conventional round rotor AC synchronous 
motor commonly utilizes a solid magnetic-steel forged 
rotor. The field windings are inserted into longitudinal 
slots which extend axially along the rotor and are pro- 20 
vided with a direct current (DC) energizing current to 
produce magnetic poles and a magnetic field in the 
rotor. The rotor is rotatably mounted within the stator 
which is typically formed from a stack of laminated 
magnetic metal sheets which are insulated from one is 
another. The stator includes windings energized by 
AC currents which produce a rotating magnetic field. 
The interaction of the rotating magnetic field in the 
stator with the magnetic field produced in the rotor 
causes the rotation of the rotor in a manner well so 
known in the art. 

Some types of AC motors control the motor from 
a DC source, or from an AC source having a fre- 
quency which is different from the frequency required 
by the motor for the desired speed, or vary the fre- 35 
quency supplied to the motor in order to control the 
speed of the motor while driving the motor from a con- 
stant frequency AC source. Common methods of pro- 
viding the required input power to such motors include 
the use of a load commutated inverter or a cyclocon- 40 
verier. One form of current source inverter and one 
form of cycioconverter suitable for use with the pre- 
sent invention are described in United States Patent 
4,843,271 issued June 27. 1989 to M. R. Shah, assig- 
ned to us, the disclosures in which are hereby incor- 45 
porated by reference. That patent points out that the 
use of a current source inverter or a cycioconverter 
produce harmonics having relatively high frequencies 
which In turn produce eddy current in the surface of 
the rotor of the motor. The eddy current consumes so 
power and reduces the efficiency of the motor, while 
at the sam time providing unwanted heating of the 
motor. The power loss and heating are significant 
because of the relatively high resistivity to currentflow 
offered by the steel rotor. Public cone rn ver pollu- ss 
tion caused by the generation of electric power, and 
ver the consumption of energy resources in the gen- 
eration of el ctric power, has provided an increased 



and continuing demand for higher efficiency lectric 
motors and generators. In the aforesaid United States 
Patent 4,843,271 these undesirable characteristics 
are decreased by a coating of a high-conductivity 
metal covering a portion of over 10% of the surface of 
the rotor, and in one embodiment surfaces of dove-tail 
inserts which retain the rotor conductors in the longitu- 
dinal slots are coated with copper. The present inven- 
tion, as set forth in the appended claims, constitutes 
an improvement over the aforesaid United States 
Patent 4,843,271 as described below. 

There is disclosed herein an improved form of 
rotor leading to increase in the efficiency of AC motors 
or generators, while at the same time improving the 
inserts which retain the conductors in slots in the rotor. 
It minimizes the losses In AC motors or generators 
due to eddy current produced by harmonics in the 
rotor, and also reduces cooling requirements. 

These and other improvements are achieved in 
the rotor to be described by use of inserts to seal and 
overlie the ends of the conductor and ventilation slots 
on a rotor assembly to form a substantially cylindrical 
low resistivity enclosure about the rotor of the motor. 
The inserts are substantially l-shaped in cross section 
with circumferential winged projections which overlie 
and extend beyond the circumferential ends of the 
slots such that the winged projections are substan- 
tially contiguous. The winged projections are connec- 
ted through the central portion of the inserts to the 
locking portion which includes sloped surfaces and 
base extensions, which mate with sloping surfaces 
and grooves in the walls of the slots, to engage and 
lock the inserts in place and resist radial movement of 
the conductors due to centrifugal forces upon rotation 
of the rotor. 

The inserts are constructed of low resistivity, ther- 
mally conductive material such as copper to conduct 
heat to the outside surface of the rotor assembly 
where the winged projections provide a large cooling 
surface. In addition, the low resistivity surface of the 
inserts minimizes high frequency induced eddy cur- 
rent power dissipation and heat generation, thus 
further increasing the power efficiency of the motor 
through decreased power losses and decreased 
heating, while at the same time providing improved 
cooling. 

in the accompanying drawings: 
FIG. 1 is a cross section of a rotor assembly incor- 
porating one embodiment of the present inven- 
tion; 

FIG. 2 is an enlarged view of a portion of FIG. 1; 
FIG. 3 is a cross section in schematic form sh w- 
ing the location of the conductor and p ie regions 
of the r tor in a two pole machine; 
FIG. 4 is a perspective view of the roton and 
FIG. 5 is an alt mat embodiment of the present 
invention showing improved cooling means. 
Referring first to FIGS. 1, 2 and 4, th solid steel 
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forged rotor 10 includes a shaft 12 which extends axi- 
afly outward from the ends of the central region 22 of 
the rotor. The shaft 12 is rotatably supported (not 
shown) about the axis of rotation 14. Conductor or 
field slots such as 1 6, 1 8, and 20 extend axially along s 
the central region 22 of the rotor 1 0. As best shown in 
FIG. 3, the central region 22 includes two diametri- 
cally opposed conductor regions 30 and 32, and two 
pole regions 34 and 36 which are between the con- 
ductor regions, and are shown as a north and a south 10 
pole respectively. Conductor slots such as 16, 1 8, and 
20 in the conductor regions 30 and 32 each include a 
plurality of conductors such as 44 and 46 disposed 
within the slots, and inserts such as 48 are secured to 
the central region 22 of the rotor 10 along the outer is 
periphery of the slots in order to retain the conductors 
such as 44 and 46 in place during high speed oper- 
ation of the motor. That is, the inserts 48 prevent the 
centrifugal forces of rotor rotation from forcing the 
conductors outward from the slots and away from axis 20 
of rotation 14. 

The configuration of the inserts 48 can best be 
understood with reference to FIGS. 2 and 5. Referring 
to FIGS. 2 and 5, the inserts 48 (including inserts 48a 
and 48b) each include a pair of winged projections 54 25 
and 66 which overlie the outer surface of the central 
region 22 of the rotor 10, and which are formed by a 
circumferential surface 58 and an inner surface 60 
joined by edges 66 and 68. The central portion 70 of 
insert 48 connects the winged projections 54 and 56 30 
to the extension or locking portion 84 through the out- 
wardly sloping surfaces 80 and 82. Shoulders such as 
92 (see FIG. 5) formed along conductor slots such as 
16, 18 and 20 within the central region 22 of rotor 10 
match the contour of the central portion 70, including 35 
sloping surfaces 80 and 82 of inserts 48 to retain the 
inserts in place after they are slid axially into the cent- 
ral region of the rotor after the placement of conduc- 
tors 44 and 46 in the conductor slots. The grooves.93 
and 95 extend axially along the conductor slots such 40 
as 16, 18, 20 and 106 and conform to, and surround, 
the base extensions 84 of the inserts 48. 

The inserts 48 are fabricated of copper, or of a 
copper alloy, of tow electrical resistivity and sufficient 
mechanical strength. If the strength requirement for 45 
the inserts 48 is higher of that obtainable through the 
use of copper or a copper alloy, a copper cladded 
steel insert may be used, with the copper cladding 
provided by explosive bonding, electroplating or by 
some other process. 50 

In one embodiment, the inserts 48 illustrated in 
FIGS. 1, 2, and 5 hav a circumferential surface 58 of 
2-28 inches (57.9mm), a central portion 70 width of 
1.01 inches (25.6mm), an extension 84 width of 1.47 
inches (37.3mm), and an angle of 40 degrees from th 55 
radial direction for th outwardly sloping surfaces 80 
and 82. The height of the ins rts 48 in the radial direc- 
tion from th axis of rotation 14 is 1.05 inches 



(26.7mm), the radial thickness of the extension 84 is 
0.34 inches (8.6mm), and the edges 66 and 68 are 
0.10 inch s (2.5mm). In that mbodiment of the sub- 
ject invention, the angle between adjacent axial con- 
ductor slots such as 16 and 18, and 18 and 20, is 8.2 
degrees, and the depth of the conductor slots such as, 
16, 18 and 20 from the circumferential surface 58 is 
7.44 inches (189.0mm) to the bottom, which may be 
rounded. The depth of axial ventilation slot 102 is .1.04 
inches (26.4mm). Of course, the size of the inserts 48 
will vary depending on the size of the rotor and other 
design considerations. 

In order to increase the low resistivity surface 
coverage of rotor 10 to over 90%, so as to minimize 
power losses due to the harmonic induced eddy cur- 
rent and to enhance thermal conductivity and cooling, 
inserts such as 100 (see FIG. 1) are also incorporated 
axially along the pole regions 34 and 36 (see FIG. 3). 
These inserts do not retain conductors but are pro- 
vided, in part, to complete the lowresistivity enclosure 
and path around substantially all of the circumference 
of the rotor 10 in the field coil region formed by the 
conductors such as 46 and 48. The axial conductor 
slots such as 16, 18 and 20 also form conductor ven- 
tilation passages such as 106, 108 and 110 axially 
through the central region 22 of rotor 10 below the 
conductors 44 and 46. 

The ventilation slots such as 102 and 104 in the 
pole regions 34 and 36, and the conductor ventilation 
slots such as 106, 108, and 110 in the conductor reg- 
ions 30 and 32, provide passages for the axial flow of 
cooling air through the rotor. In addition to guiding the 
cooling airflow through the axial ventilation slots such 
as 102, 104, 106, 108 and 110, the copper or copper 
clad inserts 48 and 100 provide improved thermal 
conduction paths to conduct rotor heat from inside to 
outside the rotor 10, and then into the airflow between 
the rotor and its surrounding stator caused by rotation 
of the rotor 10 past the stator. This greatly enhances 
the rotorl 0 cooling capability of the motor. In addition, 
increasing the low resistivity copper coverage of the 
rotor to the order of about 99% provides rotor resis- 
tivity to eddy current which is more than an order of 
magnitude lower than that of a typical forged steel 
rotor. Even with the same level of induced eddy cur- 
rent, the power losses are significantly reduced. Since 
power losses and the amount of heat generated in the 
rotor are directly related to resistivity, the power los- 
ses and heat generated are significantly reduced with 
a reduction in the eddy current A reduction in the heat 
generated further reduces the amount of power input 
required to provide the larger amount of cooling air or 
fluid which otherwise would have to be provided 
through the ventilation slots such as 102, 104, 106, 
108, and 110. 

It has be n estimated that the pow r caused by 
eddy current du to harmonics is in xcess of 50 
kDowatts per square meter or 30 to 35 watts per 
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square inch. In larg motors this would provide signifi- 
cant power losses and also undesirable or unaccept- 
ably high temperatures on the surface f rotor 1 0 and 
within the motor. 

FIG. 5 also illustrates an alternate embodiment 5 
for the axial ventilation slots in the pole regions 34 and 
36. Referring to FIG. 5, it Is seen that the portion of the 
axial ventilation slot 114 below the insert 48 is sub- 
stantially semi-circular in cross section, while the 
cross section of the insert which is taken radially 10 
about the axis of rotation 14 of the rotor assembly 10 
is substantially l-shaped. The semi-circular portion of 
the slot facilitates the fabrication of the slot 

High strength, high conductivity coppers which 
are suitable in some applications for the inserts 48 are 1 s 
chromium copper and zirconium copper. It is to be 
noted that in FIG. 2 the insert 48a differs from insert 
48b in that insert 48a includes a copper coating or 
layer 118 on the circumference, while the remainder 
of the insert is steel to provide increased strength. In 20 
practice, the size, speed and other operating charac- 
teristics of a particular machine determine whether 
the inserts 48 are fabricated of copper, copper alloy, 
or copper cladded steel. Also, in a particular appli- 
cation and motor, all inserts would normally be the 25 
same to satisfy the specifications and requirements of 
that motor and the application. The copper coating 
118 could be applied by electroplating or by explosive 
bonding or by some other process. Explosive bonding 
is a procedure which provides "cold welding" in that 30 
the insert 48a is driven "explosively" into the layer 118 
to be "welded" or bonded to the layer. The thickness 
required in the coating or layer 118 depends in part on 
the frequencies of the harmonics to which the particu- 
lar rotor assembly 10 is subjected. As the harmonic 35 
frequency increases, the depth to which the induced 
eddy current penetrates is reduced. Also, the thick- 
ness of the copper coating 1 18 should be adequate to 
conduct the magnitude of the eddy current to which 
the rotor 1 0 is subjected . Thicknesses in the order of 40 
0.05 to 025 inch (1.3 to 6.4mm) appear to be satis- 
factory for most motors. The aforesaid United States 
patent 4,843,271 provides a high conductivity coating 
for dovetail wedges covering at least ten percent of 
the surface area of the rotor through coating at least 45 
some of the dovetail wedges 

Thus, the improved winged inserts 48 and rotor 
10 construction described above enables and pro- 
vides low resistivity eddy current paths over substan- 
tially all of the rotor, to over 90 percent, and improves 50 
the cooling airflow, which significantly improves the 
efficiency, and lowers the cooling requirements for the 
motor. In addition, the winged inserts provid 
improv d rotor heat conductivity and hence heat dis- 
sipation at the exterior of the rotor assembly 10, and 55 
the slot and insert configuration facilitate manufacture 
and assembly of th r tor. 

While th present invention has b en described 



as applied to a motor, it is equally applicable to 
generators. In addition, whil th pres nt inv ntion 
has been d scrlded with r spect t certain prefeir d 
embodiments thereof, it is to be understood that 
numerous variations in the details of construction, the 
arrangement and combination of parts, and type of 
materials used may be made without departing from 
the scope of the invention. 

Claims 

1. A rotor assembly for a dynamoelectric machine 
comprising: 

a substantially solid rotor including a sub- 
stantially cylindrical central region adapted to 
rotate about an axis of rotation; 

conductor slots extending axialiy along the 
circumference of said central region forming at 
least two conductor regions separated by at least 
two pole regions; 

field conductors disposed within said con- 
ductor slots and adapted to be energized to pro- 
vide magnetic poles in said pole regions; 

a plurality of ventilation slots extending 
axialiy along the circumference of said pole reg- 
ions; 

said conductor slots and said ventilation 
slots having substantially parallel edges extend- 
ing axialiy along the circumference of said sub- 
stantially cylindrical central region; 

inserts retained in said conductor slots and 
said ventilation slots; 

at least the surface of said inserts being of 
low resistivity material as compared with the 
resistivity of said rotor; 

said inserts including a central portion con- 
necting winged projections and base extensions; 

said winged projections overlying said 
edges of said conductor slots and said ventilation 
slots and forming a substantially cylindrical insert 
surface around said central region of said rotor 
with said winged projections of said inserts being 
positioned substantially close to the adjacent 
inserts; and 

slots in said rotor mating with said base 
extensions to restrain said inserts from radial 
movement toward the circumference of said rotor. 

2. A rotor assembly according to claim 1 wherein 
said base extensions are connected to said cent- 
ral portion through surfaces which extend toward 
said central portion and slop inwardly, and said 
conductor slots and said v ntilation slots include 
cooperating sloping surfaces which restrain said 
inserts from radial mov ment away from th axis 
of said rotor. 



7 EP 0 456 498 A2 8 

3. A rotor assembly according to claim 2 wherein at 
I ast some of said v ntflation slots ext ndingaxi- 
ally along the circumference of said pole regions 
are adapted to enable the flow of cooling fluid 
therethrough. 5 



4. A rotor assembly according to claim 3 wherein 
each of said winged projections include a curved 
surface remote from said axis of rotation to pro- 
vide a peripherally extending arc of said substan- 10 
tialfy cylindrical insert surface. 



5. A rotor assembly according to claim 1 wherein 
said substantially cylindrical insert surface over- 
lies in excess of 90 percent of the circumference 15 
of said rotor. 



6. A rotorassembly according to claim 1 wherein the 
radial depth of said ventilation slots extending axi- 

ally along the circumference of said pole regions 20 
is less than the radial depth of said conductor 
slots, and form ventilation passages in cooper- 
ation with said inserts. 

7. A rotor assembly according to claim 1 wherein 25 
said inserts include a cross section in the radial 
direction about said axis of rotation which is 
approximately l-shaped. 

8. A rotor assembly according to claim 7 wherein 30 
said conductor slots and ventilation slots include 
grooves extending axially and substantially paral- 
lel to the surface of said rotor forming a substan- 
tially T-shaped cross-section to restrain said 
Inserts within said grooves. 35 

9. A rotor assembly according to claim 8 wherein 
said base extensions of said inserts form base 
surfaces which are smaller than the surfaces of 
said winged projections which are remote from 40 
said base surfaces. 

10. A rotor assembly according to cfaim 9 wherein 
said base surfaces of said inserts are substan- 
tially planar, and said conductor slots and said 45 
ventlatkm slots include sloping surfaces which 
restrain said inserts from radial movement upon 
rotation of the dynamoeletric machine. 
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